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Mutations in two genes, PS J and P$2, coding for the 
prcsenilins, have been United to the early onset form ot 
familioil Akkeimer^ disease (AP). Here we report the 
identification of a nrotophihz meUnogaHer homojoguc of 
human PS genes, DpSr which maps to band 77B-C on 
chromosome 3 and is expressed at multiple develop^ 
jpcntal stages. The predicted ^mlno aeid sequence ot the 
Dps product i* 55 7q identical to human prcsenUma, Wtth 
the greatest similarity m the putative transmembrane 
domains, the hydrophobic domains at the beginning 
and the end M the cytoplasmic TM6-TM7 loop and the 
C-terminua. Analysiii of Dps in a genetically tractable 
model system such as Drosophila may provide in- 
sight into the mechanisms of Aiaihelmer's dwcasc (AD) 
necessary for the development of rational therapeutic 
approaches* 
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Introduction 

Alzheimer's disease (AD) is a degenerative 
disorder of the CNS which causes progressive 
memory and cognitive decline during mid to late 
adulr life. The disease is char^^crerized by various 
neuropathological features including extracellular 
amyloid plaques and intraneuronal neurofibrillary 
tangles. An appro:ich which has been, successfully 
used to idemify causative factors in AD has come 
from studying cases which are inherited as JO 
autosomal dominant trait. This approach has led to 
the identification of three human genes, coding 
for amyloid precursor protein (APPy and presenilins 
1 and 2 {PSl and PSlf-^ for which missense muta- 
tions have been associated with early onset familial 
AD. Mutations in the ^APP gexae account for <: 3% 
of families with disease onset before 65 years of age.^ 
In contrast, mutations within the PS genes are more 
common. The first human presenilin gene cloned, PSl 
maps to ch romosome 14.^ Mis sense mutations; in this 
gene arc associated with the iriost aggressive subtype 
of AD and account for up to 50% of early onset 
familial AD cases.^"^ The second gene, PS2y maps to 
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chromosome 1 and is associated with a form of 
familial AD with onset between 50 and 70 years of 
age and a slower rate of progression.^'^ Analysis of 
the cDNA sequences of both genes predicts proteins 
with at least seven putative transmembrane (TM) 
domains, and large hydrophillic cytoplasmic domains 
at the N- terminus and between TM6 and TM/.*" 

At present, the function of the vertebrate presen- 
ilin genes is unclear- Immunocytochenaical results 
have demonstrated that the presenilin proteins are 
located within intracellular organelles, primarily m 
the endoplasmic reticulum,'*^ ° suggesting a role m 
protein processing/trafficking. Consistent with this 
model, mutations in presenilins have recently been 
found to alter the processing of pAPP in both plasma 
and fibroblasts derived from patients with AD,^*^' m 
transfected cells^^ and in transgenic mice,*^'^^ rcsukmg 
in an increase in extracellular levels of p-amyloid- 

Homologues of presenilins have Also been identi- 
fied in Caenorhahditis elegans-^^-''' sp^-"^. which 
26% identical to human presenilins, is cjs'pressed 
in a Golgj-derived membrane-bound organelle in 
C. sUgans spermatocytes* where it is thought to be 
involved in membrane/protein trafficking.*'^ sd-U 
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(50% idendcal) was identified through a generic 
.<;creen for mucations in genes capable of suppres$mg 
the phcaotypc caused by expression of ^icuvated 
lin^ll gene, Un-n is the C. dtgans homoioguc of 
the DrosophiU gene Notch, which encodes a highly 
conserved TM protein thought to specify the devel- 
opmental fate of many cells in most complex organ- 
ismsJ^ WhoLher sel~12 is involved directly m 
NoUh/tin-12 signalling or in some aspect 
processing remains to be determined buc any link 
between prcsenilin and the Notch/lin-U signalling 
pathway wt^uld provide valuable insight into the 
function of presenilin. 

Here, we report the cloning and characterization 
of a DrosophiU homologne of human preseniHns, 
Dps This protein shares 53% sequence identity with 
human prcsenilins, 48% with the se/-22 product and 
18% with the spe'4 product. Low stringency 
southern hybridization techniques suggest the pres- 
ence of a $ingle gene in DrosophiU which maps to 
chromosome 3, between bands 77B-C. Dps produces 
multiple ctanficripts whose expression are spatially 
and temporally controlled during development. The 
t;haracteri2ation of a DrosophiU homologue of prcse- 
nilin provides us with a valuable rooi to study xw 
function and relationship to the Notch pathway, 
xtxA the biological differences between C ele^^ns and 
DrosophiU might provide a comprehensive view 
of gene function. Furthermore, the availability of 
powerful genetic approaches in DrosophiU should 
permit the development of an animal model to 
examine the role of prcscniHns in Alzheimer's disease. 

Materials and Methods 

Complementary DNA cloning and Southern analysis: 
Redundant oligonucleotides {1105: 5'-CTNCCN- 
GARTGGACNGYCTGG and 1106; 5^-RCANGC- 
(AGT)ATNGTNGTRTTCCA) were designed from 
published nucleotide sequence data^^'^'^^ for highly 
conserved regions of the prcscnilin/sel-H proteins 
ending/beginning with Trp (e.g, at residues Trp247 
and Trp404 in presenilin 1 and at Trp253 and Trp385 
in presenilm 2). These primers were used for reverse 
transcriptase polymerase chain reaction (RT-PCR) of 
mRNA from adult and embryonic D. meUnogaster. 
The products were then reampLified using internal 
conserved redundant primers 1107: 5''-T^nTTT- 
CTCGAGACTMGCNCARGARAGAAAYGA and 
1103: 5' TTTTTTGGATCCTARAA(AGT)ATRA- 
ARTCNCC A 600 bp product was then subcloned 
into pBS, sequenced, and shown to contain an open 
reading jframe (ORF) with a putative amino acid 
sequence highly homologous to that of the human 
preseniUns- This fragment was then used to screen 
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500 000 plaques of a cDNA Hbrary in -gtlO, made 
by L. Kauvar (E6 and E7, 3-12 h embryonic) and 
six independent clones of approximately 2 kb were 
isolated- The nucleotide sequences of these clones 
^cre determined, and the putative amino acid 
sequence predicted by the longest ORF was deduced 
and compared with that of the human prcscnihns- 

To determine whether additional genes coding for 
presenilin homologues existed in DrosophiU we 
probed genomic DNA with a full length Dps cDNA 
under low and high stringency (low^^l M NaCl, 
0.5% SDS for 1 h at 55°C; high = 0-2 x SSC, 0.5% 
SDS for 1 h at ftS'^C). found no evidence for cross- 
hybridizing bands under conditions which would 
detect > 55% DNA sequence identity. 

Fly stof^ks And chromosomal in situ hyhridizations: 
Fly cultures were maintained according to standard 
procedures at 25^C. Embryos and larval tissues were 
obtained from Orcgon-R fli^^^i^ The deficiency 
Df(3L)ri-79c/TM3 is described in Lindsley and 
Zimm^" and was obtained from the BU^omington 
Stock Center. The chromosomal location of the Dps 
gcn^^ was mapped by in Wrw hybridization to squashed 
polytcnc salivary gland chromosomes usin^ a full 
length biotinylatcd cDNA probe (Detck, Knzo 
Biochomicals) essentially as described.^*'' 

Northern analysiii: A total of 2.5 fX^; poly(A)+ 
mRNA from 18 h embryos, 4-day-old larvae and 
adult DrosophiU (Clonetcch) was ctectrophoresed, 
blotted and probed with a full length Dps cDNA as 
described previously .^^ 

In situ hybridization to RNA in whole-mount 
embryos or third innar larval imaginai discs: I n situ 
hybridization to whole mount embryos and larval 
imaginai discs was carried out following? the method 
of Hughes et ak^^ \^sxn^ fluorescein-labcUed RNA 
(Boehringcr-Mannhcim) synthcsiJ^ed from the full- 
length Dps cONA. No hybridization was detected 
using control (sense) probes or when DNA probes 
were omitted (data not shown). 

Results and Discussion 

Comparison of the predicted amino acid sequences 
for the human PSl and PS2 proteins with that pre- 
dicted for the C ckgans sel-12 protein revealed that 
the highest degree of amino acid sequence conserva- 
tion corresponded to residues 213-291 and 375^35 of 
human PSi (^7% and 84% amino acid sequence iden- 
tity between PSl, PS2 and scUl2).^^^^'^ These residues 
were only weakly conserved however in C cicgans 
spe4 (less than 28% sequence idcnuty),"' To isolate 
a close homologuc of the human prescniUns and the 
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C elegant 5cl~12 transcripcs, nested redurxdant 
oligonucleotide primers corresponding to ^hese 
sequences were used to recover a single RT-PCR 
product from RNA isolated from D. melanogaster 
h embryos or adults. This RT-PCR produce, 
which contained an ORF with substantial homology 
(>90%) to human PSl the initial 20 and the termi- 
nal 15 amino acid residues, Was then used to screen an 
embryonic D. melanogaster cDNA library under con- 
ditions of moderate stringency. Multiple clones ^cre 
identified: two were identical and contained a larger 
5' UTR than the four remaining clones. The longest 
ORF was detected in clone dps 13-1 and predicts a 
sequence of 541 amino acids from the first in-phaise 
ATG codon (accession number: U77934)- The four 
remaining clones arc predicted to have identical ORFs 
containing 527 amino acids, and differ from the 
longest clones by the absence of 42 nucleo titles 
(1239-1280 bp) predicted to encode an additional 14 
amino acids (residues 397-384). 

To confirm that Drosophila has a single presenilin 
gene wc performed Southern blotting escpcriments in 
which we probed genomic Drosophila DNA with a 
fuU length Dps cDNA under low and high stringency. 
Wc found no evidence for cross- hybridizing bauds 
under conditions which would detect >55% DNA 
sequence identity. We hypothcsi^e that anything less 
than 55% identical would be unlikely to have redun- 
dant functions and therefore would not interfere with 
our analysis of Dps. The chromosomal location of 
the Dps gene was then mapped to a locus on the left 
arm of the third chromosome at band 77B-C (data 
not shown). This localization was further confirmed 
by hybridization of the Dps cDNA to genomic PI 
clones (#DS03069 obtained from the Berkeley 
Drosophila genome project) which encompasses the 
chromosomal bands 77A3-77B3 and by Southern 
analysis which demonstrated that the Dps gene is 
included within the deficiency, Df(3L)ri-79c/TM3, 
with breakpoints at 77B-Q77F--78A. 

Comparison of the predicted amino acid sequence 
of the longest ORF with that of human PSl revealed 
53% overall sequence identity. Residues predicted to 
compose TM domains or membrane-associated 
domains (especially TMl, TM3, TM5, TM6, TM7, 
the hydrophobic domains at the beginning and 
the end of the TM6-TM7 loop domain, and the 
C-terininus) showed a much higher level of sequence 
identity (Fig- 1). Interestingly, 16 of 20 residues 
mutated in human PSl or PS2 and ^Wm^ rise to 
human familial AD arc conserved in Dps, In addi- 
tion, the cysteine residue which is mutated in the 
C degans sehll gene is also conserved. This suggests 
that these residues form an important functional or 
structural domain of the prcscnilins. 

There is no sequence conservmon at the N- 
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PIG. 1. Comparison of the predicted amino flcid sequences for Pp? 
with human prsBenliin 1 (PS1| protein (bottom line) using singlc- 
loUfci' amt^o ftiiicl codes. Real due numbere ara provided at tho end 
ot each line. Amlr^o acid aequenco Identity is Indicated by e vertical 
Itne. Putative tranemam bra ne domains (bnwod upon Kyto-Doolittl© 
anaiyals and axperlmental obBarvetlons* on the orientation of 
exposed domains In human PSl) aro included within horizontal 
parallel ilnae. Residues In human PSl axon 4 and human PSl cxon 
9 which are affected by alternative BpJIctntj in the humnn PSt tran- 
Qcfipt «re depicted by subacripted aster isks. Residuee affoctod by 
putative aliernaxtve apllctng of. the Dps tr;Bnscript are depicted 
by auparacrlptad aatarlsKa. 



terminus or at the apex of the TM6-TM7 loop 
domain, consistent with the observation, that there is 
a lack of homology in those domains betTVcen PSl 
and PS2, and between the prcscnilins and The 
42 nucleotide insertion observed in clone dps 13-1 is 
predicted to result in the addition of 14 amino acids 
at the apex of the TM6-TM7 loop domain. We have 
y<;t to determine whether this sequence, variation is 
because of alternative splicing. The bourtdai-ies of the 
H amino acid insert do not correspond to known 
inrron-exon boundaries within the human PSl or PS2 
genes however, the intron-exon boundaries encoding 
residues in the apcjc of the human TM6-TM7 loop 
domains are not conserved eliher,^2.23 ^^cverrheless, 
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PI<S» 3* /n situ hybridization to Dps In Drosophila oocytee and tmag- 
fnat diac. Antlaense probes to Dps revealed high levels of mRNA 
during ooganaals (a) In the nurse calls (outlined arrowy and the 
developtng oocyte (bfack srrow). (h) In thlfd lervajt Ihstar fmaglnat 
disea. Dp$ ti-anacrlpK accumulete in the tiye-ahcertrtiie disc; at a 
region that will give rise to the postoccipitat sen si lie of the en ten n a 
(bl«jck arrow), ond m tho eye di$c, in progenitors of the ocellus ond 
the occellar and intorocc[l«ir bristlo^; ( outlined arrow), Wo oiso 

dfJ^ncWd *trQhfi hybrldiiatibrt iieinal* In the posterior prtrt of the log 

disc* in areas fatod to dovolop Into Th« oduii femur oMd tibia <a,a). 



FIG, 2, Blot hVbr[di7(itian of 2.5 p.g Dtasaphifa poly(AH' mRNA frotn 
ombryo* {lono 1), larv(>* (tane 2) and adutt Oane S> waa probe with 
a fuU langth Ops cDNA. PsifttTtons of mftl. wt ([xJlCHJ markara are 
shown nt I^ift- 



alternative splicing of transcripts encoding residues 
in the TM6'-TM7 loop has been detected in both 
human PSl (residues 257-290) and human PS2 
(Glu 325).^^*^-^ We have previously specukted that the 
jiltcrnativc sph'cing of the htirnan PSK TM6— TM7 loop 
domain may have functional signiftcance by alteting 
the siie and structure of this loop domain,^'*^^ This 
functional importance is supposed by the observa- 
tion that splice site mutations affecting human PSl 
Exon 10, which cause in-frame .fusion of Exon 9 to 
Exon 11 and deletion of residues 290-319 at the apex 
of the TM6— TM7 loop of human PSl, are associated 
with early -onset AD. Consequently, if the difference 
in the sequence of the ORF between clone dpsl3-l 
and the remaining full-length clones docs arise from 
physiological alternate splicing, then diis splicing 
event is likely to have relevance to the biological func- 
tion of the Drosophila presenilin homologue Dps. 

The temporal pattern of Dps cxprcssiiont was exam- 
ined by Northern bloc analysis (Fig. 2), Poly(A)*^ 
mKNA derived from Drosophila embryos, larvae and 
adult was probed with a full-length Dps cDN A under 
stringent conditions. Several transcripts ranging from 
2 CO 5 kb were detected at All develop mental stages, 
with a major cranscript (2 kb) most abundatic in 
adults and a minor Erari.seript (-4 kb) mti.st :ibutidarit 
in embryos, but detected at all stages. In addition 



we observed stage-specific transcripts including a 
5 kb transcript in embryos and a 3,5 kb transcript in 
adults. These may result from alternative splicing 
or transcript initiation or termination. In human 
prcscnilins, low abundance, high mol, wt transcripts 
(-^7.5 kb) can be detected in many tissues^^^ and 
appear to arise from alternative polyadcnylation 
sites," 

'I'o de term ill e the spatial pattern of Dps expression, 
wc examined whole mounted ovaries^ embryos and 
third ins tar larval imaginal discs after in situ 
hybridization with RNA antiscnsc probes derived 
from a full length Dps cDNA (Fig. 3). Wc detected 
high levels of Dps RNA during oogenesis in the nurse 
cells and the developing oocyte (Fig. 3a), Dps tran- 
scripts were also uniformly distributed in the blasto- 
derm stage embryo; this probably represents maternal 
RNAs which have accumulated during oogenesis 
(data not shown), In third instar larval imaginal discs, 
which will give rise to adult structures. Dps expres- 
sion was restricted to the eye- antennae and the leg' 
discs. In the eye-antennae disc. Dps RNA accumu- 
lated in the precursor of the postocclpital sensilia of 
the antennae and in areas of the eye disc correspond- 
ing to progenitors of the ocellus and the occcllar 
bristles (Fig. 3b)- In the leg dises> Dps expression w^as 
restricted to the posterior compartment, specifically 
in areas that would give rise to the advlt tibia and 
femur (Fig. ^tjd). This dyn:imic tJxpres.siOM pattern oF 
D/M' fiuggescs that it rnay have ttiukiple roies during 
DrosophzU developmen t. 
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Conclusion 

'We have idenafied and characterized a Drosophila 
homologuc oi human prcscnUins which arc a highly- 
conserved, novel family of proreins. Unlike verte- 
brates, there is a single prcscniiin gene In Drosophila 
which should facilitate the analysis of its funcuou 
using molecular aad genetic approaches, Dps^ 
produces several tr^-nscHpts which are dynamically 
expressed during development. Whether individual 
tiao^criprs give rise to different isoforms of Dps with 
distinct functions or cellular localizations, remaixw to 
be determined. The rcktionship between, Dps and the 
Notch signalling pathway also needs to be investi- 
gated m Drosophila where the pathway is well 
characterized- The recent discovery of mutations in 
human Notch 3 associated with the aduk-onsct 
neurolQg;;cal disease CADASIL", suggcst-S that the 
analysis of prcsenilin and its relationship to the Notch 
signalling pathway may provide valuable insights into 
AD and other adult^onset noufological disea$es in 
humans. 
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